Abstract The flavour profile analysis (FPA) panel of Aigü es de Barcelona has participated in three engineering projects initiated to improve both the quality of the water supplied and the use of the scarce resources available. The information provided by the panel enables a solid evaluation of the organoleptic quality of the water produced in the facilities, which is very useful in making decisions concerning the development of the projects. The first project refers to the Besò s full scale nanofiltration pilot plant. The study includes characterisation of the organoleptic quality of the water obtained and the behaviour of blends in different proportions with water from the Ter river. Secondly, this article presents the results obtained in El Papiol pilot plant for the reduction of trihalomethanes in water from the Abrera WTP, situated by the Llobregat river. The tasting results indicate that the stripping treatment slightly improves the quality of water, whereas the improvement is more remarkable with carbon filtration. The third project was the reverse osmosis pilot plant installed in the Sant Joan Despí WTP, which also collects water from the Llobregat river. A gradual improvement of the water treated was clearly observed when increasing amounts of reverse osmosis treated water were added. Some trends were also observed according to the characteristics of the feed water to the reverse osmosis facilities.
Introduction
In the last few years, much attention has been paid to the volatile organic substances present in water and their role as odour and taste producers. The spectacular development of chromatographic techniques has undoubtedly contributed to this. On the contrary, little attention has been paid to the taste of water, which depends on dissolved salts. Light mineralised water is sweet or bitter and usually produces an acid sensation. Water with a higher mineral content has a stronger taste and presents salty (sodium chloride and sodium bicarbonate), salty-bitter (potassium chloride) and bitter nuances (magnesium salts), a gypsum aftertaste (sulphates), a metallic or astringent sensation (iron, zinc), etc. Information can be found in the literature on the effect of various salts on the taste of water, both qualitative (characterisation of the sensation) and quantitative (detection threshold, response vs. concentration, etc) (Matía, 1985) . Instead, there is little information available about the consumers' perceptions concerning the mineralisation of drinking water, although two recent works have focussed attention on this subject. The first work, carried out by Whelton et al. (2005) highlights the importance of minerals on the taste of water, its legislative implications and the consumers' perception both of tap water and bottled water. The second work, by McGuire et al. (2005) , presents the results of the influence of salinity in the assessment of water by a professional panel and a panel of consumers. Morran and Marchesan (2004) have also highlighted the differences in the assessment of public consumption water both by trained and untrained panelists.
Water utilities must take into account all these considerations about the taste of water and the customers' assessment. Apart from that, some geographical areas with water shortage, such as the case of Catalonia (Spain), face an additional challenge: the best possible use of water resources, according to a sustainable management of the hydrological system. This paper shares the results of the FPA tasting panel participation in three production/engineering projects: the recovery of the Besòs aquifer through nanofiltration (NF), El Papiol GAC pilot plant for the reduction of trihalomethanes (THMs), and the reverse osmosis (RO) pilot plant to improve the quality of the water produced from the Llobregat River. The sensory information obtained both allows for the assessment of the organoleptic quality of the water produced in the facilities and decision making with regards to the development of projects.
Methods

Flavour profile analysis (FPA)
The sensory analysis is carried out according to the general guidelines found in the literature (APHA, 1998; Suffet et al., 1999) . It is performed by an appropriately trained tasting panel, five or six people per session. The tasting takes place in a room specifically intended for this end, comfortable and free from interfering odours. The encoded samples are presented at a controlled temperature, 45 8C for the odour testing and 25 8C for taste testing.
Tasting by volunteers
For the tasting sessions with untrained personnel, company employees were called on. These volunteers did not have instruction in sensory analysis nor other special training. They were given no information about the objectives of the test. Only taste was considered in these tests. The samples were maintained at a temperature of 25 8C, appropriately codified and presented in glass cups.
Bench chlorination
When samples that had not been already chlorinated had to be tasted, they were chlorinated at the laboratory at least 2 h before the tasting. The analysis of free residual chlorine was carried out by the N, N-diethyl-p-phenilenedyamine (DPD) colorimetric method. When the ammonia concentration was needed, the analysis was performed by spectrophotometry using the Nessler method.
Besò s full scale nanofiltration pilot plant
The use of the aquifer of the Besòs river had to be abandoned in the 1980 s due to the pollution of the source. In order to recover it, a full scale NF pilot plant (100 L/s) was constructed with the following stages: pretreatment (conditioning chemicals, cartridge filtration and UV disinfection), dual nanofiltration (NF40-700 Dow Chemical polyamide membranes), postchlorination and pH adjustment (Cantó and Luque, 2002) . The operation recovery was 70%.
Preliminary tasting
Of concern to the company's technical management was the reaction of customers to water tasting predictably different to what they used to receive. The NF plant is situated in the Ter distribution area, the water valued best by consumers in the Barcelona metropolitan area. For this reason, a preliminary experiment with volunteers was performed.
Experimental. The tasting session was set up with 16 company employees, between the ages of 20 and 45. The test consisted of tasting five different samples, ranking them for preferences. Tasters were granted the opportunity to include comments or observations about the waters. The samples presented were: † Bottled mineral water, of weak mineralisation, calcium bicarbonated (the same water used as a reference in the FPA panel). † Distribution water from the Ter river. † Distribution water from the Llobregat river (Sant Joan Despí WTP). † Water from the Llobregat acquired wholesale (Abrera WTP). † NF water from the Besòs plant. The resulting water characteristics are summarised in Table 1 . The water from the Besòs plant initially contained 0.9 mg/L of ammonia and was then properly chlorinated in the laboratory slightly above the break-point.
Results. The ranking obtained, from the best to the worst, was bottled water, Ter, nanofiltration, Llobregat and Abrera. It can be seen that the NF water was situated in the middle between waters from the Ter and the Llobregat. The distribution of the rest of the waters matched the usual results in the systematic control made by the company tasting panel (Fabrellas et al., 2004a) . The most reported characteristics of the nanofiltration water were "bitter" and "tingling".
Tasting of blends by the FPA panel
The results obtained in the previous tasting, although preliminary, suggested the need to blend the NF water with the water traditionally distributed in the area in order prevent customer reactions. On the other hand, given the plant small capacity (permeate of 70 L per second) in relation to Ter water work flows, blending waters in the distribution was the simplest technical solution.
Experimental. The organoleptic behaviour of several Besòs NF-Ter blends was studied by the FPA tasting panel. Five samples were tasted, three blends with 1/3, 1/2 and 2/3 of Besòs water (NF), besides the two "mother" waters:
Results. The results obtained from assessing the different waters are presented in Figure 1 . It can be observed that, even though the NF water was given a worse score than the Ter water, when mixed, the Besòs NF water does not decrease the quality of the blend, but even tends to improve it (samples 1/3B and 1/2B). The good behaviour of the blends is evident from the fact that the value of the index always remains above what would be obtained by linear interpolation between both extreme waters (T and B). From the panelists' observations it can be deduced that NF water loses its sweet/bitter nature easily when mixed with Ter water.
Tasting of blends by volunteers
The objective was to predict the consumers' capacity of distinguishing between TerBesòs NF blends in several proportions with regards to the 100% Ter water traditionally supplied. With this aim in view, the information supplied by the panel about the same blends was complemented with volunteers.
Experimental. The test was performed with 21 people, between 23 and 50 years of age. The work samples were the same as those tasted by the FPA panel, but the design of the test was different: each sample had to be tasted and compared, always to a same water of reference R (it was Ter water, but this information was not given to the participants). The volunteers had to indicate whether they detected a difference or not between each sample and the reference sample, and if so, they had to choose the one they liked best. Moreover, they were given the opportunity of making comments about the sensations that the samples produced or the reasons for their preferences.
Results. Figure 2 summarises the results obtained which are expressed in percentage of distinction. Thus, it can be seen that, for samples 1/3 B and 1/2 B, the difference with regards to the Ter sample is not clear. The number of participants who considered the samples different and the same was similar. The situation changes from sample 2/3B, in which 15 out of the 21 tasters detected the difference, and even more clearly with sample B, in which 18 out of 21 found the difference. Concerning the participants' preferences, most tasters indicated that they did not like the sample with NF Besòs water predominating (2/3B) nor the unmixed plant water (B), and describe it as "bitter", "astringent" and "rough". They preferred the sample of reference (Ter) in most cases. On the other hand, in what concerns the sample with Ter water predominating (1/3B) and the blend 50-50 (1/2B), there were various opinions: some did not indicate any preference, others pointed out that the water improved by adding NF Besòs water and others stated that it got worse.
From this experience, it can be concluded that, taking as a reference the Ter water, the difference is not detected by adding one-third or half of water from the NF Besòs plant. However, on the other hand, the distinction with a greater amount of Besòs water (twothirds and 100%) is certainly effective, and in this case it was qualified as least preferred as the Ter water.
Assessment
The pilot plant has given satisfactory results in what concerns the level of operation and the percentages of removal of chemical species. The results of the organoleptic analyses carried out, both with the panel and with the volunteers, indicate that in the planned conditions of the distribution operation (1/3 NF Besòs water and 2/3 Ter water), the characteristics of the product supplied will even be improved.
El papiol pilot plant for the reduction of THMs
The European Directive 98/83 EC (EC, 1998) on water intended for human consumption limits the concentration of total trihalomethanes (THMs) to 100 mg/L, with a provisional value of 150 mg/l until the year 2008. The water treated at the plants which collect water from the Llobregat river have a general problem of THMs due to the low quality of the resource. The water supplied to the municipalities of El Papiol and Pallejà is acquired wholesale and comes from the Abrera WTP, managed by Aigües Ter-Llobregat, a public company of the autonomous Government of Catalonia. With the aim of reducing the level of THMs in the water received, a pilot plant was built in El Papiol with two parallel treatments, GAC filtration (27 L/min) and air-stripping (18-75 L/min), in order to study and compare their performance (Luque, 2004a, b) .
Experimental
The chemical control program, both of the influent to the plant and of the GAC and stripping effluents, was based on the analysis of THMs and their potential formation. Moreover, the FPA panel analysed the three points indicated in two working sessions.
Results
Both tasting sessions showed the same trend: the sample with the best score corresponded to the carbon treatment, followed by the air-stripping process and, finally, the inflow water ( Table 2 ). The improvement obtained with the stripping is moderate, whereas the improvement with GAC filtration is more important, and is mainly due to the decrease in the descriptor decaying and, to a lesser extent, rubber. The chlorine descriptor was not taken into account in the scoring of the samples, because water rechlorination would be necessary after the treatment in any case.
The project of the installation with both alternative processes is being discussed by the municipal and health authorities. The results of the chemical analysis of both treatments have been satisfactory and those of sensory analysis show a preference for GAC filtration, even though they do not exclude the other options. For the final decision making, besides these two factors, other parameters which are also important will be taken into account, such as the necessary investment, the operating costs and the visual impact of the facilities, which will be situated in the vicinity of the urban area.
Reverse osmosis pilot plant in SJD WTP
The Llobregat river has a well-known problem of salinity and low general quality. In order to improve the quality of the resource, the production department decided to evaluate the use of the membrane technology to treat part of the water catched at the Sant Joan Despí WTP. With this aim in view an RO pilot plant (production of 90 L/min) was built with the following stages: pretreatment (conditioning chemicals, sand and cartridge filtration and UV disinfection) and RO (low pressure polyamide membranes, FilmTec BW30LE-440 Dow Chemical) (Armenter, 2003) .
The treatment at the current SJD WTP consists of prechlorination, coagulation-flocculation, rapid sand filtration, GAC filtration, ozonation and postchlorination. The operational tests of the pilot plant included its feeding with water from three different stages of the current SJD WTP: sand filtration, GAC filtration and ozonated. The sensory analysis was carried out on blends of RO treated water and water treated at the SJD WTP in different proportions.
Experimental
The distribution of tasted samples is shown in Table 3 . The panel carried out six tasting sessions, two for each feed water of the RO plant. Three samples were tasted in each 
session with different percentages of RO treated water (0, 1/4, 1/3, 1/2 or 3/4) and treated water at the SJD WTP or GAC filtered, which is not relevant for the study. The only difference lies in the fact that the plant outflow water was subjected to onsite postchlorination and the carbon filtered water had to be chlorinated at the laboratory. The sample chosen was basically carbon filtered with consequent laboratory chlorination in order to have a better control of the chlorination level.
Results
The results of the organoleptic analysis both of blends of the current plant treated water and RO water followed the expected trend: rating increased as the percentage of RO treated water increased. This behaviour was much clearer for taste than for odour (Figure 3 ). Focussing attention on the taste results and separately analysing the scores given for the blends corresponding to each feed water (Figure 4) , it can be seen that the slope of the functions for both ozonated and carbon filtered waters are higher than obtained for sand filtered water. This trend seems to indicate a better behaviour of the first two waters with regard to the third, even though due to the limited data available it is not possible to guarantee this affirmation categorically. Worth noting is that the blends with less percentage of RO treated water (1/3), which are the most interesting considering both the technical and economic possibilities of an hypothetical installation of membranes, already show a certain improvement -even though not spectacular -in relation to the current SJD WTP treated water. Previous studies carried out with Llobregat-Ter blends indicate that the descriptors of the former dominate, and remain strongly in the blends (Fabrellas et al., 2004b) . On the other hand, using the organic analysis results obtained for the plant, it can be seen that the abovementioned RO teeated water fraction (1/3) is of the same order as the necessary percentage to guarantee the fulfilment of the THM parametric value of the European Directive.
Conclusions
Drinking water supply companies are immersed in a continuous technological development because of the increasingly strict legal requirements and higher consumer demands. Sometimes, this means the incorporation of new treatment practices. On the other hand, because of water shortage in many areas, these companies must make an effort to make the most of the possible resources. The participation of the FPA tasting panel in three engineering projects has revealed that the sensory information that it furnishes is very useful to the global assessment of these projects, the decision making about new treatment processes and the use of alternative resources: † Besòs full-scale NF pilot plant. The water produced is not preferred, and is described as "bitter" and "astringent". However, the negative assessment disappears when it is mixed with Ter water. † El Papiol plant for the reduction of THMs. The sensory assessment of both alternative processes tested shows a preference for GAC filtration, although it does not exclude the stripping. The final decision, according to the municipal and health authorities, will have to consider economic considerations. † Sant Joan Despí RO pilot plant. The organoleptic characteristics of the water obtained at the current SJD plant improve considerably when it is mixed with RO treated water. This improvement is already detectable, but moderate, when the proportion of RO treated water is only one-third. This fraction is of the same order as that necessary to guarantee the fulfilment of the parametric value of THM established by the European legislation in force.
